Abstract Successful interventions require consistent participation by intended recipients. We utilized mixed methods to describe participation of 518 parent-child dyads enrolled in a randomized cluster trial of a 2-year oral health intervention for Head Start (HS) families across Navajo Nation delivered by native Community Oral Health Specialists (COHS). We quantitatively assessed factors that contributed to participation and qualitatively examined barriers and strategies. The intervention offered fluoride varnish (FV) and oral health promotion (OHP) activities for two cohorts (enrolled in 2011, N = 286, or 2012, N = 232) of children in the HS classrooms and OHP for parents outside the classroom. Child participation was good: FV: 79.7 (Cohort 1) and 85.3 % (Cohort 2) received at least 3 of 4 applications; OHP: 74.5 (Cohort 1) and 78.4 % (Cohort 2) attended at least 3 of 5 events. Parent participation was low: 10.5 (Cohort 1) and 29.8 % (Cohort 2) attended at least three of four events. Analysis of survey data found significant effects on parent participation from fewer people in the household, Cohort 2 membership, greater external-locus of control, and a greater perception that barriers existed to following recommended oral health behaviors. Qualitative analysis of reports from native field staff, COHS, community members, and the research team identified barriers (e.g., geographic expanse, constraints of a research trial) and suggested strategies to improve parent participation (e.g., improve communication between COHS and parents/community). Many challenges to participation exist when conducting interventions in rural areas with underserved populations. Working with community partners to inform the development and delivery of interventions is critical.
Introduction decay among preschool children is especially severe; a recent survey reported a mean prevalence of 21 decayed, missing and filled tooth surfaces (dmfs) for 3-5 year olds [1, 11] with 70 % of children experiencing untreated decay.
The literature exploring compliance and retention of minorities in intervention research is in its infancy and growing but much smaller than that surrounding recruitment [17] . As Prinz et al. [12] have pointed out, ''Family engagement and dropout from preventive interventions is so important that it should be, if it is not already, an area of inquiry in its own right… prevention and treatment researchers can enhance the field by focusing extensively on the challenge and influences for engagement and attrition'' (p. 35) [12] . Researchers often refer to ''compliance'' or ''adherence'' by participants to study protocol specifications. The intent of this paper is rather to analyze and discuss barriers and challenges to participation in community-based interventions whether or not part of a research study, so we will speak of ''participation'' or ''engagement'' rather than ''compliance. '' In response to the discouraging rates of dental disease in Navajo children, researchers at the Center for Native Oral Health Research (CNOHR) at the University of Colorado Anschutz Medical Campus and their AI partners in Navajo Nation (NN) developed and implemented an innovative intervention that delivered fluoride varnish (FV) to NN Head Start (HS) children and oral health promotion (OHP) activities to the children and their parents or primary caregivers (henceforth referred to as ''parents'') using trained native lay health workers called Community Health Oral Specialists (COHS). The goal of the intervention was to reduce caries. A cluster randomized clinical trial is evaluating the intervention using up to 3 years of follow-up data.
This paper describes retention of NN Head Start families in the community-based intervention, assesses multi-level challenges related to implementation and engagement in this very rural AI setting, and discusses strategies to increase participation and the degree to which they were successful.
Methods Setting
The NN is home to more than 170,000 Navajo tribal members (also called Diné). Encompassing over 27,000 square miles (approximately the size of West Virginia), it is the largest reservation in the US. Community Chapters provide local administrative structure for the tribal government, and five agencies (similar to counties) serve as organizational units for service delivery. The Division of Health oversees HS activities throughout the NN, with 100 classrooms in 82 HS Centers across the reservation at the beginning of the study.
Study Design
Details of the study design and intervention have been described elsewhere [13] and are summarized here. Both the Navajo Nation Human Research Review Board and the Colorado Multiple Institutional Review Board (COMIRB) approved the study. The cluster-randomized clinical trial provided an oral health promotion intervention structured to be delivered by COHS, in the Head Start communities across the NN, over each academic school year. The intervention was delivered for two consecutive school years (2011-2012 and 2012-2013) . A total of 1016 Head Start children-parent dyads were recruited at the beginning of the school year [561 in the 2011-2012 school year (Cohort 1) and 455 in the 2012-2013 school year (Cohort 2)] from 52 HS classrooms across NN. Dyads were clusterrandomized at the classroom level; 26 classrooms received the intervention (286 dyads in Cohort 1 and 232 in Cohort 2) and 26 classrooms served as control/comparison groups and received usual community and HS care and education. Enrollment reached 97.7 % of the intended sample of 1040 child-parent dyads.
COHS launched each school-year intervention with a kick-off OHP classroom event. COHS invited and reminded parents with fliers sent home with the child and follow-up phone calls (restricted to B three by COMIRB). Over the course of the school year, COHS provided up to four fluoride varnish applications (FV) to children in each intervention classroom. They returned to each classroom within 21 days to reach children who were previously absent. COHS also provided five classroom OHP events to the HS children and four parent OHP events, spread across the course of the school year. The child OHP events occurred during the HS school day, and the parent-OHP events were held in various locations and times that included but not restricted to after school drop-off, before school pick-up, or during HS community events (e.g., Thanksgiving celebration or Parent Night). Children received the child OHP if they were attending school on the day of the event. Parents were personally invited to each OHP parent event. Anticipating that parents would be unlikely to attend all parent events, we deliberately repeated content across events. Trained field staff not involved in the intervention conducted quality assurance checks of child and parent OHP events to monitor fidelity to the intervention.
Quantitative Measures and Analyses of IndividualLevel Factors Related to Participation
The quantitative outcome measures for this paper are the number of FV applications and OHP events received by the children, and the number of OHP events attended by the parents during the first academic school year in which they were enrolled in the study. To examine the effects of individual-level characteristics on these outcomes, we drew from data collected at baseline using the Basic Research Factors Questionnaire (BRFQ; Appendix), which was developed with support from U54DE019285, U54DE0 19275, and U54DE019259 by the Early Childhood Caries Consortium of which CNOHR is a member. The BRFQ assesses good oral health care practices in caring for the child's teeth (14 questions; an overall oral health knowledge score was derived by calculating the percentage of correct answers); oral health behaviors in caring for the child's teeth (nine questions; an overall oral health behavior score was derived by calculating the percentage of recommended behaviors that are adhered to by the parent); and also a number of psychosocial measures from the parents that include locus of control, four subscales of the health belief model, self-efficacy, importance of engaging in certain oral health behaviors, sense of coherence, distress, chronic stress, perceived discrimination, alcohol use, social support, and financial stability. To assess the impact of the individuallevel variables on intervention participation, we used data from the baseline assessment of the 518 intervention dyads.
We first analyzed the distributions of the number of FV applications, OHP-child events, and OHP-parent events. To gain potential insight into effects of changes implemented after the first year of the intervention based on assessment of challenges and strategies, we used a Chi square test to compare Cohorts 1 and 2.
Bivariable analyses assessed associations between specific child-or parent-factors and number of intervention activities received. We used one-way analysis of variance to compare mean number of events completed in each category for categorical factors and Pearson correlations between number of events completed and the values of the factors for quantitative factors. Those factors that had a bivariable association with p values B0.20 were then entered into a Poisson regression analysis, with the number of events completed as the dependent variable and the child and parent factors as the independent variables. All analyses used SAS version 9.3.
Contextual Factors Related to Participation
Qualitative sources enriched our understanding of challenges faced in delivery of the intervention and suggested strategies to overcome these challenges. The research team, including both University investigators and Navajo field staff and COHS, documented challenges as they arose and met regularly to brainstorm, evaluate, and implement alterations and enhancements. A meeting of the NN Community Advisory Board (CAB) focused on strategies to improve parent engagement, as did a meeting of the CNOHR Community Advisory Committee. HS administration and school personnel contributed substantially to discussions about potential solutions. We also collected event evaluations from attending parents. At the end of the second (final) year of the intervention, the research team collected written descriptions of barriers and responses from the COHS and conducted a semi-structured debriefing conversation with them.
Results
Characteristics of the Study Participants Table 1 presents baseline characteristics of the 518 childparent intervention dyads. Mean age of the parents was 32.4 years (SD 9.6); 84.4 % were female. Mean age of the children was 3.6 years (SD 0.5); 53.5 % were female. Eighty-five percent of the parents had at least a high school education, but family annual income was low, with 50.1 % below $10,000. Only 27.4 % were employed. About 85 % of the parents had access to a working vehicle.
The children had a high mean number of decayed, missing, or filled tooth surfaces, 19.9 (SD 19.9), although 70.6 % of the parents rated the oral health of their children as good to excellent. The parents rated their own oral health somewhat lower than that of their children, with 58.0 % rating it as good to excellent. Average score on the pediatric oral health quality of life scale (POQL) was 4.0 (SD 9.4) on a scale of 0-100 where a lower score implies better POQL. The parents' oral health knowledge was moderately high (mean 74.8 %, SD 13.8 %), but reported adherence to recommended oral health behaviors was less than desirable (mean 50.1 %, SD 22.1 %). Scores on the psychosocial measures indicated relatively high (over 4.0 on a scale of 1-5) internal locus of control, self-efficacy, and sense of coherence, and attitudes related to oral health (perceived seriousness, benefits, and importance), and relatively low (under 3.0) negative factors, including barriers, distress, perceived discrimination, and stress measures (but not community economic stress). 
Participation in Intervention Activities

Parents: OHP Events
In general, attendance at events by the parents was considerably lower than attendance at events by the children. Across the four opportunities to attend OHP events, only 7 (2. The correlation between the number of child FV and OHP events completed was 0.72 and between the number of child FV and OHP events combined and parent OHP events was 0.36, indicating much less correlation between child and parent events than between different types of child events. On the basis of these correlations, we decided to combine child FV and OHP events and keep parent/caregiver OHP events separate in further analyses of factors associated with child and parent participation. Table 3 presents results of bivariable and multivariable analyses of factors associated with child participation in FV and OHP events. The table shows only those variables whose bivariable association with participation has a p value B0.20. In bivariable analyses, child participation in FV and OHP events increased with parent employment (p = 0.03), parent-reported better child oral health status (p = 0.01), POQL (p = 0.002), higher sense of coherence (p = 0.002), and less personal distress (p = 0.004). There were also some significant differences in child participation rates by geographic area as defined by the five Navajo Nation Agencies, ranging from means of 5.94-7.22 events/ child. In the multivariable Poisson regression analysis, only better parent-reported child oral health status and POQL remained significant (p = 0.01 and p = 0.04, respectively), while child gender became significant (p = 0.04). Table 4 presents bivariable and multivariable analyses of factors associated with parent participation in OHP events. In bivariable analyses of factors associated with parent participation with OHP events, participation increased with fewer people in the household (p = 0.01), higher sense of coherence (p = 0.03), better child oral health status (p = 0.01), better POQL (p = 0.04), and lower dmfs (child) (p = 0.01). Cohort 2 parent participation (mean 1.65 events) was better than that of Cohort 1 (mean 0.93 events; p \ 0.0001). In the multivariable Poisson regression analysis, fewer people in the household and cohort effect remained significant, as well as greater externalothers locus of control and a greater perception that barriers Factors not found to be associated with parent participation included oral health knowledge, beliefs, and behaviors.
Individual-Level Factors Associated with Child Participation
Individual-Level Factors Associated with Parent Participation
Contextual Factors Associated with Parent Participation
In an effort to improve parent participation, the research team held a brainstorming session with the NN CAB between intervention academic years. The CAB generated suggestions to improve parent participation, which we then prioritized by feasibility based on practicality of suggestion, available personnel and budget. Suggestions generally concerned direct interaction between the COHS and parents or community. Recommendations that we implemented at least minimally included: meeting with local parent committees at the beginning of the school year, encouraging parents who attend to remind other parents, continuing reminder calls and adding texting, adding ''best way of contacting'' to (re)enrollment forms, clarifying with parents what they should expect from COHS, requesting input concerning time preferences for events, and Of recommendations deemed by the CAB likely to be successful but perhaps less feasible, we implemented commending teacher support and involvement (certificates of appreciation, ongoing partnerships with COHS) and continuing to leave messages with back-up contacts. This paper responds to the recommendation to analyze existing data on an ongoing basis to identify new strategies and barriers to parent involvement and look at parent characteristics. Timing again made some of the recommendations such as asking Agency-and Nation-level leadership and committees to act as champions impossible to implement. Research-related concern about cross-study-arm contamination during implementation of the intervention restricted us from sharing results at professional development meetings for HS teachers and staff or providing information about the study on local radio and in Navajo Times. At the end of the 2 years of intervention, COHS offered observations and recommendations that would benefit future implementations. They reported that problems primarily related to the geographic expanse in the field strained organizational capacity. They generally found our training informative, useful, and delivered by professionals with knowledge of oral health, work experience, education, and professionalism. They had the highest regard for HS staff and their flexibility, helpfulness, accommodation, and outreach to parents, and they wished they had been able to reward the HS staff tangibly, not just with certificates. The greatest difficulty was coordinating schedules around the delivery of the intervention.
As we have noted consistently, the greatest barriers concerned communication with parents. The ability to text eased the problems, but poor cellphone reception, lack of cellphone minutes, disconnected phones, and changing phone numbers made reaching parents a formidable, ongoing challenge. The COHS reported, however, that parents who did attend were very interested in all that the COHS shared.
Discussion
Success of an intervention depends on the receipt of the ''dose'' delivered with fidelity and adherence to core components of the intervention by participants. Communitylevel factors, provider characteristics, characteristics of the innovation/intervention, and organizational climate all may affect participation [4] . Contextual fit between the innovation/intervention and the culture matters, including relevant packaging, language, community engagement in decision making, and normative attitudes, values and practices [10] . Many factors that may contribute to the disparate caries risk in NN also may affect the delivery of an intervention in the community: individual (e.g., physiological, functional), socioeconomic and sociocultural (e.g., attitudes and beliefs about oral health and childhood caries), community and environmental (e.g., rural setting, geographic expanse and sparse population, limited oral health care resources), and political/historical (e.g., multiple governmental and regulatory institutions, discrimination). Community attributes also may suggest remediating strategies.
Community-based participation served as an underlying principle for this intervention-engaging community members in the development and actual delivery of the intervention in a community setting-but was perhaps not sufficiently implemented. Input from community partners who are sensitive to these multi-level influences is invaluable.
Child Participation
In this community-based oral health promotion intervention within Head Start classrooms in a resource-poor, sparsely populated, large, rural community delivered by trained community lay health workers (COHS), we learned that participation in the intervention components was better when the intervention was brought to the participants (i.e. by providing the FV and OHP events to children in the HS classroom) but suboptimal if it required participants to travel to intervention activities without compensation. Delivery of the intervention during the school day in the school setting facilitated participation. The children received bus transportation to school and were a ''captive audience'' in the classroom. Application of FV was more successful than attendance at child events because the COHS returned to the classroom up to three times within the ''dose-window'' to provide FV but did not repeat child OHP events. COHS reported failure of transportation by school bus or car and inclement weather as barriers to attendance. In addition, various schools closed intermittently due to lack of heat, non-availability of HS staff, funding challenges for some schools, and other issues such as needing to bring a building 'up to code'. Of factors measured by the BRFQ, only parentreported better child oral health status and POQL and male gender of the child had an association (positive) with attendance in the fully adjusted model.
Teachers and other HS staff played an increasingly important role over time as they became invested in the intervention in their classrooms. We heard anecdotally of many instances of extra communications with families and some tweaking of bus schedules to accommodate intervention activities.
Parent Participation
Although the original research design had called for personalized one-on-one contacts with parents by the COHS including going to their homes, requirements related to reframing the originally proposed study as a clinical trial eliminated this possibility due to concerns about intervention fidelity. Nonetheless, a number of factors were associated with improved parent participation for Cohort 2, e.g., incorporation of ideas from the community (CAB, CAC, COHS, HS teachers and staff) such as using textmessaging to communicate with families.
Participation in parent OHP events proved to be challenging. Few parents attended more than one event and even fewer attended all events. We speculate that parents were less likely to attend intervention events than their children because parents had more schedule conflicts, couldn't take time from their day's responsibilities, and needed to find their own transportation. Additionally, parents could choose not to attend, but their children could not. Specific parent characteristics associated with poorer attendance included larger household, lower external parental oral health locus of control (powerful others) (i.e. the parent disagrees that it is the dentist's job to prevent cavities or keep his/her child's mouth healthy), fewer barriers to following recommended oral health behaviors, and being a member of Cohort 1. Living in a larger household may make it more difficult for a parent to get away. A lower external oral health locus of control may reflect that parents feel less dependent on dentists to prevent dental disease in their children but rather see dentists as providers who treat dental disease once developed. Better engagement by parent members of Cohort 2 may reflect the new strategies implemented after Cohort 1's experience.
Barriers, Strategies and Effectiveness
We learned of various challenges to parent participation from all sources (COHS, study staff, HS personnel). Communication dominated the list of challenges; others included the geography, weather, scheduling, demands on the COHS, and institutional issues. Specific strategies implemented after year 1 may have increased parent attendance in Cohort 2. We implemented many strategies suggested by our NN CAB. As noted earlier, we began texting families after Year 1, having learned that cellphone calls ''cost'' minutes, while texting does not. Subsequent use of text messaging improved and increased communication with study participants (as recommended by [3, 12, 17] . Because COHS came from the communities in which they were working [4, 10, 17] , they were able to readily identify with parents and had knowledge regarding the culture and infrastructure on the NN. After a year's experience, COHS addressed parent letters individually to parent and child dyads to remind parents that the study was still being conducted and to provide dates and locations. Beginning with the second year, staff increased the number of back-up contacts' information. COHS made parent events more accessible and convenient [8, 17] by working with HS staff to schedule events that coincided with other community events. Organizational capacity increased by using dedicated staff for contacting parents [3] , and HS staff strengthened relationships as they increasingly became invested in the intervention in their classrooms, serving as community liaisons and encouraging parent attendance [7] . The study team built positive relationships with HS staff by maintaining contact in the summer between intervention years and recognizing their efforts with certificates of appreciation. Many of these strategies were greatly informed by our CAB members and feedback from COHS [3, 4, 7, 10] .
Other strategies that we anticipated would be useful were less successful, or their impact was difficult to measure. Despite tweaks to the organizational structure to facilitate scheduling of parent events such as strategically timed makeup events [8, 17] , this complex process revolved around both the availability of the HS building and staff members as well as the availability of the limited staff in the field responsible for fidelity monitoring of those events. We sent additional flyers and letters home to parents that emphasized the importance of parent involvement [3, 17] , but it is unclear how many parents found these reminders useful. While some parents found our increased phone contacts helpful [3, 17] , others were annoyed with the increased contact, which may have influenced their participation.
Some strategies were more difficult or impossible to implement. Many barriers were related to challenges of working in a rural and low-income setting. (While there are known difficulties in maintaining a high level of parent attendance in HS classroom activities, few other options exist regarding accessible and convenient locations on the reservation [17] for engaging both parents and children). Contacting parents remained a constant issue despite our efforts to reach out with a variety of methods.
This intervention occurred within the constraints of a randomized clinical trial, which restricted the types of changes we could make mid-project. The intervention was designed to be culturally acceptable to participants at the start of the project [10] , but we could not incorporate ongoing suggestions made by staff members and parents. Greater incentives to participate such as having food available at parent events, more tangible incentives for HS staff, or assisting with transportation [3, 4, 17] would likely have increased participation, but providing them would have threatened fidelity of the intervention, which was intended to operate in the setting that would be available without research funding. Using broad, reservation wide contact methods such as advertisements in local newspapers and radio [4] would have created the possibility of study arm cross-contamination an issue. Limits to time and funding prevented engaging Community Health Representatives or other agency level professionals, maintaining a greater community presence beyond the school year, or spending more time involving HS parents and community champions [3, 8, 12] .
This research has many strengths. Foremost, we examined the characteristics of a very large Native American cohort living across much of NN and utilized both quantitative (a large, comprehensive questionnaire) and qualitative data to inform our work. Our research has limitations. Our experiences may not be generalizable to others working in different settings or with different populations; however, use of community partners to inform intervention implementation is always relevant. While our BRFQ quantitatively measured a broad number of factors, there are likely other factors, perhaps more important, that are related to participation. Additionally, self-report of BRFQ parent characteristics may carry a reporting bias.
Conclusions
Many challenges to participation exist when conducting interventions in rural areas with underserved populationsat individual and community levels. Working with community partners to inform the development and delivery of interventions is critical. These community partners include lay health workers, community experts, and community advisory board members to name a few. Our experience is not unique. Others conducting community interventions that depend on parent engagement have had similar experiences and have offered recommendations (as cited earlier).
We discovered that characteristics of individual parents influenced participation in the intervention. Factors associated with improved parent participation include having a smaller household size, higher external oral health locus of control, and increased perception of barriers to following recommended behaviors.
Community level factors (e.g., local politics), provider characteristics (e.g., understanding of need and benefits), characteristics of the innovation (e.g., adaptability and compatibility), and organizational climate (e.g., leadership and administrative support) inform strategies that influence the implementation of a program [4] .
Implementation of a detailed and complex intervention will never be perfect, nor does it necessarily need to be to see positive outcomes from the intervention [4] . However certain steps can be taken while planning programs to insure that implementation goes as smoothly as possible. Particularly when working with tribal communities in rural and underserved areas, extra time should be set aside for consulting with community members and leaders to make sure that programs are accessible and culturally relevant [6] . Time spent disseminating information to communities and strengthening community ties will help increase the probability of success for future projects. With any largescale intervention, unanticipated problems inevitably will arise, and therefore flexibility will greatly increase the probability of successful implementation as well. Self-efficacy (14) Self-efficacy represents a person's confidence that he/she can successfully engage in a specific health behavior. The overall self-efficacy score represents how sure participants are that they can engage in recommended behavior to take care of their children's teeth 1-5 1 = Not sure at all 5 = extremely sure Importance (14) The overall importance score represents how important it is to participants that they engage in specific oral health behaviors (the same behaviors as mentioned above, for self-efficacy) 
